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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a steel sheet 
excellent in surface characteristic, formability and deep 
drawability, and its manufacture. 

SOLUTION: The steel sheet contains, by weight, <0.010% 
C, <1.0% Si, <3.0% Mn, <0.15% P, <0.05% S, <0.01% Al, < 
0.01% N, >0.015% Ti, and >0.0005% Ca and/or metallic 
REM and also contains 0.01—0.1 wt.% of non-oxide Ti 
(Ti*) and contains Al in an amount satisfying (1) wt.% 
Ti/wL%AI>5 or (2) Al<0.010 wt.% and wt% Ti/wt.%AI<5. At ~: 
the time of its manufacture, a slab is heated and soaked 
at 900 to 1,300° C, finish rolling is finished at 650 to 
960° C, coiling is done at 400 to 750° C, cold rolling is 
carried out at 50 to 95% draft, and the resultant sheet is 
subjected to recrystallization annealing at 700 to 920° 
C. 
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(57) [SO] 

[flfft^ft] C^O. 010 wt%, Si^LO vt%, Mn^3. 
0 vt%, P^0.15wt%, S^0.05wt%, Ai<0.01wt%. 
N^O. 01wt%, Ti^O. 015 wt%, Ca45cfc^/Sfc»4*B 
REM^O. 0005wt%£<a^T£ IMMtttTi (Ti 

*) £0. 01-0. lwt%, Al£©wt%Ti/wt%A1^5Xte 
©Al^O. 010 wt%, *v^ w t%Ti/wt*Al<5©*EHT$ 

900~ 1 300*0 "Tf AaDft — J^SWt U . 650 —960 X^CDWlS. 
Ttt±fflEfc»7bT 400-750 *C<Z>SST#3X 9* «t 
<0«, 50^95«(OflET*T»MJEJ£S:JEUT*6, 700 




14000 1 1 * > * 1 1 i— !— J 1 1 1- 

0 20 40 60 80 100 120 140 160 180 200 220 

Stfbtt (ppm) 



[B*3S1] C^O. 010 wt%> Si^l. 0 wt%, Mn^3. 
0 wt%, PSO. 15wt%, SSO. 05wt%, N^O. 01wt%, 
0.010 wt%STi^O. 50wt%, rzfzVZCDT\<Dv?>Q. 005 
-0.1 vt%\mmtm\ (Ti* ) ©JBH8T*^fU Ca& 
•fctf/*fctt&JHREM^O. OOOSwtSSSr&trtifcK:* 

tew a*fctt(2) sts»fc-r«HOAi4$#b, at 
aatttto&ff at*** o ffl«s„ 

IB 

wt%Ti/wt%A1^5 (1) 

A1£0. 010 wt%, ^■^>wt%Ti/wt%Al<5"-(2) 

^CDte^^etC, Nb : 0.001 -0. 1 wt%, B : 0. 0001 — 
0. 05wt*©V>Tft*> ll^fc^2l^#t^^t^ 

m&n 3 3 m&m i 2 jcc««>*s«c* 

T, #»ft:*Ti (Ti*) tt* C (wt%) . N (wt%) , 

S (wi%) £G>H«fc*5^1\ #Ci£ ; 

(C/12) ^ (Ti*/48)-(N/14+S/32) ^10 (C/12) 

[flf*3«4] 2£fctt3KE*W>*i«K:* 
0.015 wtX*fl-r-6Ci:ft«*.i"r*, ^®1£ttcD&$F 
5 ] »*3S' 1 - 4©^W 1 JSKESfcOffl 

CaO iitf/ifcttREMiftKl : -&W*T?5wtXBU: 

50wt%&T* 

TilMfc:* : 90wt%«T, 

A1 2 0 3 :70wt%&T> <&»ffctt*^fttt*ii;:^tr£i 

[|»*H6] S«^d:bT, C^0.010wt%. SiS 
1.0 wt%, Mn^3. 0wt%, P^0. 15wt%, S^0. 05wt 
%, NS0. 01wt%> 0. 010 wt%STi^0. 50wt%, fztcV 
^CDTiO-5^0. 005 — 0. 1 wt%tt#MMfc*lTi (Ti* ) CD 
«!8"r&#U Ca*J:tX/*fctt&JBREM^0.0005wt 

xft*trtt*)ic, tib(i) ac*fctt(2) s^sifc-r® 

ffl(2Al£^r-f £$IH-£, 900-1 SOO^TiPf^-l^^ 
U 650 -960 t:<0fflflETtt±fflS***Tt/T 400-75 

o c©aaET?«»o, 5o-95%cdjet^t&h 
BEffiSjKbT*^, 700 -920 x:*es^a^^M"r £ 

IB 

wt%Ti/wt%A1^5 (1) 

A1S0. 010 vt%, ^Owt%Ti/wt%Al<5--*(2) 

±IBS*fi!E»OteHSe>f3, Nb : O. 001 -0.1 wl%, 



B : 0. 0001—0. 05wtx<zn>"f*i*> li*fcH2letS 

T, #»<t*Ti (Ti*) tt, C (wt%) , N (wt%) , 

S (wt%) £<0B8«K:*5V>T, ^it ; 

(C/12) S (Ti* /48)-{N/14 + S/32) £10 (C/12) 

CaO iitf/SfcttREM«ft« : ^fj-gT5wt%^± 

50wt%£TF, 

Ti&ffctt : 90wt*£TF* 

A1 2 0 3 :70wt%£TF, ©IML«l»^ffitt £ 
[OOOl] 

nt)Otfe§c ^O^fgBJte* ffjgfeTiliiKKlcfc 
[0 0 0 2] 

[S£*COj$fiS] ftODKtttt, 38K #^BS44- 18066 # 

hTMitT^fc^tC, All^T*«i-*AlK»«««*aEi: 
[0 0 0 3] «C!)AllKtta. ifX«^RHK*fX«« 

**3&«, ww-^KjiAuojiifttt^Riaic 

jSSt4uti:&-5, U*^fe, dOAl 2 0 3 \%^77,^ — 
tt»C&Sfc»5MBbC<<, «rCtt«cl00 /imWfeO 

^^c, AlBl»7?f4, A1 2 0 3 ifi9>f^( vtl^?>^- 
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Jfc. 

[0004] c(D£vtmsm\zw?±mvfcmmiztt 
u k vtcmm^izca&mnTz z. £ 

JlTl^o (#Att, »HBB6I-276756#4«| I ^HBBS 
58-154447*H^*«fcWM>¥6-49523 . d 

©^ffifc^W-SCaSRJOOBMtt, A1 2 0 3 £Ca<h£K;f>£ 
i±TCaOAl 2 0 3 , 12CaOAl 2 0 3 , 3CaOAl 2 0 3 &<D&Mj&9.& 

[0 0 0 5] b*>b3&:**e>, ^ffl«f^ca^m*n-r^<h, 

m BLtlOppm *»frs*j£*ll36bT^^. b*>U 
CaM£10ppm *W:lfctlTt), «*KL38H"r*CaO 
-AI 2 0 3 *«ft«fi!)llrt36«jETa:Vi»-& % WKlCaO S 
fi»i30*K±S>»fttt©»&. *<0»ffctt*©S<7>»# 
«*t«iHJU aflEffiT»^»HW^SE*rtHHJCCaS 
j^TSfittK^fiJct**. -tOCaS^iSjSlt&o 

T*>SSA^a*5££TS. — *H5E**OCaO Sft 
3&«20%UtTtfi<**OAl l O, MW«Htr>»&, 4$tCAl 2 0 

[0006] cmicau aMM;:5D, ai**jb-&t 

\Z. TiTKK"T**ft3&«, «W¥8 -239731*4»B£b 

aibmhskj*/*, aaii»»flE*«H<^aE*«»a*v^ 

*^ffi*©»»*«TI»fl:*-Al,0, 3RifcD, 2-50ja 
£\ Al^O. 005 wt Ti*fl»*0. 010 wt%& 

j xjiomm^mm-r % t^o m & o fee 
[0007] £<0cfc3&HB (/X^BBSB&ifc) 

jftT*fc«>K:> W«l¥ 8 -281391^«Ttt, AlI/XTi 

mmm\z^x, j x^m^^mmcommm^nm 
£\ K*ao*jpat-t>ifi»^*scit*^, jail* 



[0 0 0 8] Sfc, £CD«BIW 8 -281390^^teBIJjR 
0&«*4, ^ y ^>=l J X)WDmmV5±W. t LT, 
SWOSiaflEftjBiEltbT^ttttlatteTljOs-SiO,*^ 

T*::ifc:«fcD* /x;i/rtiHfcritfii-STi 2 o s ©ritfi* 

J0bT'b^«E«4>KSiO l ft$#S**Ci:»4Jllb<, 4> 
fc<£fc (wtXSi) / <wt%Ti) >50^}»ST^ c fc'5 
b&WX«&&&V>.' bfc**^T, «<t>OTi»«*«0. 01 
0 wt Si0 2 -Tittffc*&»*fc*fctt, SiSS 

t4o. 5 wt%&±#*&fi<fcfcs. b**u smmwrnn 
*in»4»i^Htttt^oiw»* t **<a:o. a*»a 

[0 0 0 9] *A\Z, 4^^7 -47764 ^4i«Ttt, Mn : 
0. 03—1. 5 wt%, Ti : 0. 02—1. 5 vt% Lt£Z>& 5 tClfc^ 
T^CtlCcfcD, 17-31wt%Mn0 -Ti^fc#>^ 
K^C0^ffi^l^^-r^#^tt^5S^^^:ffi^bT^ 
-5. ±IBMn0 -TiK<b*J4fiiKjS"C* 

x^saabTfe / xjwctf at-r £ c <t& < 

S**WK:K±T*-&. b«»bfc*«&, ^W*fT, i&BB- 
*tf£>:&£$3, 81 (1995), p. 40O^StCfe^ J: 3 \Z* Mn 
0 : 17-31X**-r<5Ma0 -T«<t*ft#*fc»t>4» 
Mn, Ti©K*tC0Kft*©a^3&^6, 8^*c7)Mn^Ti(D 
«Ktt*, (wt%Mn) / (wt%Ti) >100 JCTSiKK** 

ab^ e if*T, «*oTi«**m oio vt^ow^, 

0TSOMnO -Ti^<t^l^#^fc^trt4, Mn«ft(41. 0 wl 
%^±^^T*^o b^b, Mir&*«**l. 0 vt%%M 
&ZhttKifflM£T2>o S£oT, 17-31wt%Mn0 -Tift 
{t*^6ttS^ffi«*»«"rs^liJ4^IK±ffllBt'r*o 

fee 

[0 0 10] 4#BBT8 -281394#^«TJ4, AL 

TiO z -Si0 2 -Al 2 0 3 -CaO -Zr0 2 ^CQ^giK^ffi 
«lCbT-tOJ«fi*B6±"rs*tt«:ffi*bT^i5. b*> 

T i 0 2 JSS *<iB < & o TftHt jR{ t b & ^ & » , / S 

tc t4 J X)Vifi#M-r& tSMifi * 0 , ^4 

[ooii] £t>\z, ±»coyx;HS* t)l»it{cH-rs 
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[0 0 12] Sttft*fr£M&©tt&. Hft 

ft*ttc9*<«#r*ct3»»»6nT*o» {in } n 

T?€f*. CCdW^ffi*, r<i4iS5J6Sfc*fC, {11 
ntffc. fct^Ltf, f?iiSS^ft£?:itSM-eff {11 
j&§>6 *fx 5 fctt AtfcP&ttt U ZfV7*&iM&\Z& 

[0 0 13] $&, TijKM€Jlfr>;fc^Qffl*S£M4K 

©«i£ftffifcOUTf4. 7.-47764 #£3fi:fc«fctf 

!|*li5p8 -239731^ffi^:£0^{Cfefe^.«fc^(r, Ti 
BUftttttAlBUMJ: 0 feritfa 1 -0. 2 iiSI/^tt*^ 

[0 0 14] 

o?tffi#tf a*5 >x ©wife*** d n 
-ttc&s. tit, *«iw©*4©BWtt, gstttttc 

fc8*«tt£©*iSfflSffl*l«*aift"r«fc» 

o«r o ©sj&stff?* assr « z. t \z & z> . 

[0 0 15] 

[■wBsaMfc-i-sfc*©^] *w#6ii. ±E©ae<j 
ityj%frftmt. -t-o-tMX. «#«fctf*&jsa«»js©i& 

-TSCitfT*, S6KJ4, »B-«ttB9©&J«fitt?& 

d £ 1" J: 0 , r £> K3SS?#tf A 7 >X £ 



*M \z StSTf S C £ £ JLffi b . #S£0J U fc. 
[0 0 16] Cl©«fc5&S]jt.©TlelI8fELfc#fgBJ!t4, 
C^O. 010 wt%, Si^l. 0 wt%, Mn^3. 0 wt%, P^O. 
15wt%. S^0.05wt%. N^0.01wt%, 0.010 wt%^Ti 
^0. 50wt%, fc^LCl©Ti©5^0. 005 ~0. 1 wt%f4# 
WHtmi (Ti* ) ©»*T£#U Ca4J«fcOC/£;fctt& 
JSREM^O. 0005wt*£-&tri:£'bK, TE (1) StSfc 
14(2)- St*ttfc-«eH©AH£'&#U ^Fe*5«t^pJ 

E 

wt%Ti/wt%A1^5 (1) 

Al^O. 010 wt%, *^wt%Ti/wt%Al<5-(2) 

[0017] &*5, ^stmommt, ±ej*#-©tefc£ 

SC, Nb: 0.001 ~0. 1 wt%, B : 0. 0001 — -0. 05wt%© 

v>-rnjMSt*fct42«*«*-r*iiij8«ffai-c**. 

"*fc*«Mfc*«r»TJ4. JtE©##l«K:*lr»T. #Wt<£ 
Wl\ (Ti«) J4, C (wt%) . N (wt%) , S (wt%) 

t<ommz^x, : 

(C/12) ^ (Ti'/48)-(N/14+S/32) ^10(C/12) 

^#1^^^*0. 002 ~0. 015 wtX-g-fc-rS 
UV^IfigTfeS. **?8©«P!«C*t>"CI4. m 

<P<DfrtE%)fr, CaO *S«fc^/Sfcf4REMB8{t«»©V»-r 
n*»l«*fctt2« : ^fhST5wt%£A±50wt%RT, 
Ti^{b#l : 90wt%fil.T, A1 2 0 3 : 70wt%WT. &SW4 
Si0 z : 30wt%«T, MnO : 15wt%^T©^t#J 

[0 0 18] ZZ\Z*RW\t. S«i}iLT, C^0. 
010 wt%. Si^l. 0 vt%, Mn^3. 0wt%, P^0. 15wt 
%. S^0.05wt%, N^0.01wt%. 0. 010 wl%^Ti^0. 
50wl%. fe^LCWTiO'J-SO. 005 ~0. 1 *l%\Z#WHt 
»TI (TIM ©Jg«-e^*b, Ca*3«fc^/*fcl4^R 
EM^0.0005wtX&-&t»t-t*>fc» TE(1) ^Sfct4 
(2) 3C**»fcTIBH©Alft**r-r«»IM-fc, 900~1300 
■C-ClnSfc-^JRb. 650 ~960 "C©SffiTtt±)EMS:^ 
TUT 400-750 *C © i&Src^ 0 , • ; E-©^, 50~95% 
©£ET*T»Mm®SJ6bTd»6. 700 -920 "CTfSiK 

0 fflffl«©s>ji^ffi ^a^-r «. 

E 

wt%Ti/wt%A1^5 (1) 

Al^O. 010 wt%, A^wt%Tl/wt%Al<5- (2) 

[0 0 19] *%BJ(CA^^±E©^ffi(C*5^T 
«. «M-»4±E**B!i»©»CS6C. Nb : 0. 001 -0. 

1 wl%, B : 0. 0001—0. 05wt%©l^f tt:^ lffi*fet4 2 

*«W©**ftH4it»T. ±E#SMt«)Ti (TiM 14. 
C (wt%) , N (wt%) . S (vt%) iKDmtfrJZte^ 



- I 



(C/12) S (Ti*/48)-(N/14+S/32) S10(C/12) 
ZmZ'? Z> J: 5 K**T S * £ CI £ fflf * b n*K)t i ft 

CaO cfcitf/SfcttREMBKLtt : ^ffST 5 wt %Sl± 
50wt%«T, Ti&{fc4£> : 90wt%£TF, A1 2 0 3 : 70wt%£* 
T, ft*^tt*6^Si0 2 : 30wt^£JlT, MnO:15wt%ti 

[0 0 2 0] 

14, C : 0. 002 wt%, Si : 0. 02wt%, Mn : 0. 1 wt%, 
P : 0. 01wt%, S : 0. 006 wt%, Al : 0. 005 wt%, N : 
0. 002 wt%, Ti : 0, 02—0. 05wt%. O : 0. 001 —0. 022 
wt%, Ca : 0. 001 vt%, (Ti* /48) - (N/14+S/32) =3. 

o x(c/i2) (Ti* :$mitmi) &*rit*Mi&riw>s&s 

*t 890\:£&3<fc5IC3/1Xffiffi£froT«J¥4. 0 mmCO 

mm&tistzo te>'&. 6oo *c- i«nB^*frT3-f^ 

JfiLT*>S, 880 t;-40&<&¥?«IM^*ttL&. 

[0 0 2 1] Hill iKOcfc^tCLTSitU^^CO 
JSSJBttte^T, <t<(Cr{fii^S#^ (TSXEL) (CSi 

14, J I S 5#9iatttl^*ffl^T3j*jST»5eU, 3 
^fRlO rffi, r L (flEJS;fr|R]0> rtt) , r c (IBEffi^fa 
Kffi&^lnWrfii) , r D (JEM^fnItw45° co^lSl© r 
tt) co^fiS r = ( r L + r c + 2 r D ) / 4 tC«fc D 

3**0.002 -0.015 wt%£>B#, i«r«iJitTSXEL*Wfi[S 
*5dt*«T#, <h < KBMt«l«**0. 004 -0.012 wt% 
«tOH^r«tTSXEL«tt^6n*Cfc)WHI 

[0 0 2 2] (1) if3j£# 

<D CSO. 010 wt%, SiS1.0wt%, MnS3. 0wt%, P 
SO. 15wt%, SS0. 05wt%, NS0. 01wt%, 0. 010 wt% 
STiSO. 50wt%, Ca*cttf/£fctt&«REM^0. 0005 
wt%£$tf£ch t>tC, wt%Ti/vt%Al^ 5, *£'W4A1 
SO. 010 wt%^^wt%Ti/vt%Al<5^^^«^:"r^ 
HTA1 &$*TU 

© ±BBTi(^'5-6#»fl:«|0!>JKffiO J bO (Ti*) 

£0.005 -0.1 wt^WtS^t, 
© fit, CCD^fLWi (Ti*) 14, Cwt%, Nwl 
%, Swt%£OWfl»;:*5^T, : 



(C/12) S (Ti* /48)-(N/14 + S/32) S 10 (C/12) 

@ *LT» ^BC/CUTSetC, Nb: 0.001 -0.1 wt 
%, B : 0. 0001— 0. 05wt%£> Hi&J4 2aS^tL, 

[0 0 2 3] WT, *»WC36^^«PI«©J«»ttrice, 

(a) CS0. 010 wt% 

JBS^±lfitl/T0. 010 wt*JKTfcllfij£L&. 

(b) SiSl. 0 wt% 

Site, *ft»{fcTSf£ffla**D, J»a©3Jttfc«CT# 

B«*$*TS1***** *<D^#**M.O wt 

i, Sa»Dtt**<fr*CDT?L 0 wtXJSTFtelR5tU&. 

(c) M&S3. 0 wt% 

^(D^m&m. o wtxtiB*.* 

(d) PS0. 15wt% 

(e) SS0. 05wt% 

sit ^^'ia£««ott^±rs©T^a:<"r*c: 

SK£l«»#afc^<OT, 0. 05wt%KTlClB3tUfc. 

(f) NS0. 01wt% 

SSifaWW^Hi&t^T, 0. OlwtxeiTteHJfeLfc. 

(g) 0. 010 wt%STiS0. 50wt% 

^-e*D, TiBi^lcJ:0, 50Mm^TO1t-r X<^mffl^ 

•rs/tft, »ai-«fts«K: (in } 

i$tTrfi^il<tl>, COTi^fi^O.010 wi%* 

TPB^O. 010 wl%l^±l3Ra3tLfCo ^<DTil4, 0. 025 wt 
%^±O^JOTJ:OW^|{C^ffl-r^o fcfcfU 0.50wt% 

^>C7)T, ±IB*0. 50wt%£-T<5o 

[0 0 2 4] (h) Al 
Al 14, *«?«tc*3^TttSfi«cfa:9J 0 ^fi^^^T* 
0, ©wl%Ti/wl%A1^5, *-SV^4©AlS0. 010 wt% 



^^)wt%Ti/wt%Al<5 ©trfn^O&fl^ift&Ti&B 
flm*#tf*fcStl£<fc*i, A1JR»»I£& 

ft SWATS" £ fc» 50 m m&T ©ttJIBKft*! < & 
Sfca&, bfc**ot\ Al^ 

£bM6H"C*S. 

[0 0 2 5] (i) Ca43itf/*fcf4*J8REMS0.0005 
wt% 

Bfefi»J0£fi3 CacfeJctfREMCDVvrn 

^iisftfi2a*^ttn ooo5wt%a±«jni"rs!&B 

-T&to-fe, »«H€rTUBl»b&«, S&KCa** 
»REM©^W 1 2 0005wt % 

{Lft : 90wt%Jy.T> »*U<J420wt»a±90wt%KT. 
* £ £*f S b < &485wt %WT, CaO*5.fc /*ifcttR E 
MKffc* : 5wt%UUi, #Sb<tt8wt%£U:50wt96£t 

aftBfiWpjc, ^ft^fe&^^«:TiK^t4*l<z)yx;^^o#»s: 

CaO*«t«/Sfc»4REMtt<t*tt* »K-*6tt«<Ott 

Ca, REM<038*ntt»*IS s bfc&"rJSHi: , b&^C0Tf, 
-&ffST0. 005 wt%£JLTO«eH^SS*Pi"S©*«M*b 

[0 0 2 6] 

(I.) #aML«TI<Ti •) =0.005 -0.1 wt% 
(C/12) £ (Ti*/48)-(N/14 + S/32) <10'(C/12) 

&V>Tk -r&fc>%I*MI:«K ait** SMtfcfciTibTff 

#Kfl:*Ti*=^Ti«-*{t«iTi 

K{fcttTi=£O*x«PI4>^ffitt<0EPMAfc:«fc 
STI»* (wt%) /**^ffi»©EPMAKJ;*0«« 

(wt%) T&£o tlt» EPMAfccfcSTi««*«fctf 

£ ? > y a tc i oe jg rxta itep m a tjss sjiue b > 

*tO¥^«*JBV>5. Cl5bT*«>fc#*{t*T»4, * 

«K £{fc«K eS{L^I<hbTtfrai^^bT{£^$it^>^i: 
0.005 wt5g*»T«3tt*3&«ft< r 0. lwt%£igAT 
^£<DT0. 005 -0.1 wt%<hlB3£bfc. tit, £CD# 



KffcttTiCTi M £>fit4, C N, S**#*t0DH« 

K&^T, (C/12) ^ (Ti* /48) - (N/14+S/32) £10 (C 
/12)<7)B«RaS:J»l£i"«>^B*«**. "Tft^^, (C/I 
2) > (Ti*/48)-(N/14 + S/32) Ttt, ^®«*t*^g 

-5. — (Ti*/48)-(N/14 + S/32) > 10 (C/12) COM 

(DwmitmTwt, ifiK:aM80tt6*fl:s**fc«>, (c/i 

2) £- (Ti*/48)-(N/14 + S/32) £ 10 (C/12) fclfifeb 

[0 0 2 7] (k) Nb : 0. 001 -0. 1 wt% 
Nb*4, JR3E«©»«ft*IB<t-r*c:i:K:cfcD, Ifem-tit 

1 wt***m4*»»*#ft<. — * 0. lwt%£jK*_T 

*abTt>*iii©ja*36«i8sib, aa^iBttotta>*fl:Jc 

o&***©T* 0.001 -0.1 wtfcOttHfcPBjEbifc, 
(1) B : 0. 0001—0. 05wt% 

*«, -t^SSfiPftWO. OOOlwt K*J*T?tt*fln2S***>S: < , 

— *o. oswt % *itt^T«»-r * tas o tt© s&fl: 

^WOT, 0. 0001M). OSwtfcKUKJtbfc. 
[0 0 2 8] (2) «M-*«fc^*«^^aE*' 

3E^£0. 002 -0.015 wt 96^TS<t 3 KWSrt"* n £ 
itWfoto-$W&* £EffiK<fcO. JEffi^!fi«wt4#ft-r^t> 

odo, ««^i^l^w^4Ht^(^^^^tbft^• fcx, ffls 
aTo**s*#T«iitt*fc»4*wttoKfc**^aE 

mx$>%>* i|g^50/xm«TO^{t#l^^ffi%-C*n«> 

aiftiJ-rSCli*^*^, b^b> «#*50AimcfcO 
^^ffi*T?»4WE<DjP#«l*J4ftti. ^^-^^b, ^ 
Kfl:**^ : fi£*J4, B*«50AtmSlT<O , bO^ia3tb3t. 
*Jt, :©Wfc«l*^SWt ^#S^0. 002 wt%<fcO 
^ftV^itlritfiJCl43a*39«a:<, — 0.015 wt%cfcD 

fe*<^#rstasK:aaKDtt3»«*{tr*©T, 0.002 

-0. 015 wt3SCI85£bjfc. ft43, »JK0ttCD«j«3&^ 
J4, K{t**^ffi*fi!)*#«tt* 0.004 -0.012 wt%#* 
$f^b^o ^^TT, «*<50Mm£tT^#*€:Wf*a 
tt*fcJ4»Wtt©»<t«*^ffi*i:«* *X7^« 

b T ^ S cfc 5 ftSLtt coft { btt *^ffi* & ^ 3 o 

[0029] (3) mme>mm.Jjm 



- « - 



SM*tt* afiKSHBT*^T, Ti^O. 010 wt%£U © 
wt%Ti/wt*Al£ 5, »£W4©A1£0. 010 wt%rt^wt 

xn/wt %ai< 5 <D^rn*><aftfr Srstfc-rric^arics 

&£#£LTcDTi£Ti^O. 010 wtXfc-TSSE&tt, Ti< 
0.010 vt%"r»4JI5l»*te»*<»<, »«H*<Z>£**«K 

fc^l, e:^a^Tfc, Si. Mn^SS^ig^Tflft 
K**it*PT3 6 n*j&** Ti<0. 010 wt%T 

ttSiO,*/tfainOft#^aE**«*«K:*J5ltb, MttKO 

Ti)/ (wt%AI) S5, (wt%Mn)/ (wt%Ti) <10O £T 

f420*£U:i&*. 

[0 0 3 0] Sfc, (Dwt%Ti/wt%A1^5, **W40 
A1£0. 010 wt%*^TtXTi/viXAl<5<D0>-rn*^<fe 

MttttTtt&<AlKK«ifcD, A1 2 0 3 «fl£*t70%£t± 

TSctpl'CaO , REMKftttfi-g-^S-frTBfM^aW 
^cr>5*>, t<IC<Dvt%Ti/vt^A1^5 0*fr^HS"r 
[0 0 3 1] **Mt^S««fl!)«ifi^»&oT»4, 

»**Fc-Ti«oTi-&***jz:cfcDitti6b, 

-t©^aE*tt, AlT?KRb&»CDJ:5a:e*a:^^X^ 
— ttTtt&<, l~50/imgK©;*£;£<Dffi:R, i&$r#t 
,5 »S. fc£U £CDfc*±E<DXtt© 

g*&Ai 2 o 3 ^5x^-««*riEr 

[0 0 3 2] fcfc, **93ffi<OTTI4, Al-CK»r-5te 

»4, ^m<Dmf&mm^mmmm\H^^^rd^pm 

^T, Ti$#^«OK»*ro«J!lP<©fl(IfCJ4, »IHf G> 

aMHf^Aiso. oio *i%£t£%&ot£'pm<Dk\\z&z>ysL 

Si^FeSi, Mn-^FeMnOjBJptZJ: ^ Tfr o . 
[0 0 3 3] ±JBbifccfc3K:* Titt*KJ;0£j8b*:Ti 



2 0 3 ^7096OTiKft**^ffi**^J« Lfc«Hffit^-50 
f4, *0^«E**« 2^20MmS«<7)^:#$^T«!4>fC^ 

<£*. La>btttf*S, Ti»<t*tt»«H*T?»4H*tt«B 
SffiM*iHt4MOXBaK«fKtr^A 

[0 0 3 4] -t-eiT, #589J*3^Ttt, Ti^&fcJ: Dfl£ 
*bfc«* £ btlO. 0005wt%«J:fc&3<fc5l;:Ca:fccfctf 

^^Tf4«lfi*0»ft:«ilftflc*, TiBMfc* : 20wt%^±90 
wt#KT#$b<tt85wt*EtT* CaO *J;lX/3;&ttR 
EftfflMfc*: 5wt%^±Sf^b<t4 8wt%i^±50wt%JW 

ct0a*Hr^a£*<DlftJ*»4, Ti 2 0 3 : 30wt*£Lh80wl 
%ECF* CaO, R E MBKL W <La 2 0 3 , Ce 2 0 3 «) : 10 
wtxeU^OwtXKTTfc*. ±E:frffi*<&Ti»ffc*itf*20 
wtX£n^fcmB»»IT»4fc<, AlBMIBtft.D. A1 2 0 

«k TiK{t*»flE»420wtXa±frs, — Ti&ffc* 
*£**90wtX£U:T*4, CaO, R E MWtfcQfafiti&tjL < J 
X;P»*D3&«*^r-6&»Ti»ft«««f420TtXet±90 

[0 0 3 5] £7c, ±E^fi*4>©Alj0 3 ^Ttt, 

[0 0 3 6] ±aib*:<fc5t;:, ^MJCfe^SflltfOft 
ft**^ffi*J4, CaO *,fctf/SfcttREM»ft»*# 
tf-BX 5 wt %«±50wt %KT, TiKft* % Jl^T*3 

<fc^Al 2 0 3 e70wtX«T*#bfcTiltfl:*l**4:-r*ieS 

B*«»*. ±E*{fc«i*^ft**K:»4, «rE«<k*©S 

d<^)«^, ±E^ffi**<OSi0 2 lCPViTf430wt9g£l 
T, MnO f3^^TJ415wt^£lTt«»'rs C b 

i>o ciosa^, cne>^n^ r noa^r±[ii^<h, * 

^JT*f^^T^5 1 ^>*;VHffi<ht4m^/cC^L, 

Lfzi&j&<D%£T?\z, ca»jpftfTtoa<Tt>/x;i/tes 

fetC«. mmv>S\, MnSS^Mn/Ti>100 , Si/Ti>50 
tCt4, Zr0 2 , MgO ttfS:5 wt%£tT^>«SfflTiSAdii-^ 

^ft«<oiartJ4, *ft»*^ffi«sffi*tiofflaitib, 

[0 0 3 7] 2|s:5fi91(C^Sil1glr*oTtt, ^*C0A1 



7 



•im im 



mfclsfzffllZkt^ T\&&<D&9K)ifim<+ Ca. REM 
tt*««tt200 ppm £JLTC3ftS«k5^«JBl»T5c:<fc 

mc>A\\z£z>$m (KKa<z)Ai3&«»«4>o.oio wt%et 

T) , Si^FeSk Mn-^FeMn^JcSJIftit^ct-pTff 5 

[0038] tmLtc&oizmwzntzft&mo^m 

[0 0 3 9] #38131! Kfe^T. *jac-T^^a£«ICDififiJcSr 

mmmmm<D/^y-m2&fr\z&zMft<D/^ 

[0 0 4 0] JRHHEEKX8 : JKHIBffiKKifefit-sTff 5 X 
^cofiP^te, 900 —lSOOlCOaflETfff 5. ^<?)I4 

900 x;&T<DX7 7mmwLBcc\t* mmmommM 

«f3WB<a:D"r«fTa*±fl!)|BIH36**i;*. 1300 
DT«fSfc», Jfcffi«jWMfl:b&^. b*t#^T, x 

^^jjn*ftjaKtt9oo— isoottdase-rs, ft** cox 
5 7*pf&mSte, fftt o tt^Efi^ 6 tt i 2oot:£n r jW? 

*b^. ft*. »BlEI»Jft3^6£E3EC^WT<D»aK:*lri 
T, CC-DR («IW»Jft-^-f l^^M3-U>y> 
HCR (^7hft-vn-U>^) OTrSut^t 
x*;V=P— Si? S b Vi*fttfA5, 
[0 0 4 1] ±E«MBffi«0*Ta*tt. 650 -960 *C 
<hT5o COISH 960 t:«tDW^a*'T?*MBffiaift 

MK£650 -960 x:\zmfe-f Z>o ft** »WUEJi»OZl 

750 < C^Mx.^i:X^-;i/^W<^D-r^^)^<7) 
raHd^i;, ££400 TCSTElStWtBtt^ffl^tb* 
HOT, 400 —750 "C<Z)(&fflK:|B5£"3"S. 



[0 0 4 2] »fHBEB§IS : COIglt *^rflte# 

»ffiffiT*t50~95%£T*££**&gT**. <fc^5 

6na^61?*0, — 95%K±©JEET*"C?&rajE 

^ffiTtSO-C, 50-95% KHS5rr&o 

[0 0 4 3] «*fcES": »mBEffilSft«fc»ffi«« 
Wu BISIMftM£IIT#B#**. KKiStt 700-92 

SttOttfcffSb^ {111 } MM&^^^SE&tt- 
— 920 1C*jB*.*SHi«-Clftttftff oTfe, ^ 

^teflW^^-MfcU r*«t»fl:-r-&*6T?»*. b 
fc*«oT. »ttfi*J4 700-920 'CtRje-r*. ^b 

x. mm.mi<Dmmztti,x\*, »««je. ^mm.mm<D 

mM<Dfztb\z, lO%^TotilCjEM£mT s b<fc^o 

[0044] ?^*3. z<D£o\zvxm$nrzi&mmi& 

\Z, iPXffl#Mffl&£bTO^ft6-f, JDXfflSMMS 
[0 0 4 5] 

imM&n «M« : (EJpaMHa, 300ton©»»lftRHtt 

tfX^glCTiaKJ&SU C : 0. 0012-0. 0021wt%, S 
i : 0. 004 —0. 120 wt%, Mn : 0. 06—0. 45vt%, P : 0. 0 
10 — 0. 060wt%, S : 0.003 -0.008 wtXtcBMETS <h 

t^\z, mmu&^m^mbx:\zm^Lrca zicomm 

*P\Z, AlSrO. 2 —0.8 kg/ton^JDL, (DWtWWtM 
^1**55-250 ppm iTffiTSlirfco COBtO»«Hfl>«) 
Aiigfiteo. ooi -0.003 wi%T*o&. -tbT::co**n 

(C, 70wt3GTi-Fe-&&* 0. 8-1. 8 kg/ton^JP LTTiJK 
SIL FeNb, FeB****DbT^HS*fr 

ofcfttC, »JP14>tCtt30wt%Ca-60wt%Si'&^, tft 
(CMet. Ca, Fe, 5 — 15wt%cOR EMSrfi^bfcjKJDSS. 
£7cte, 90wt%Ca- 5wt%Ni-&^^Ca-&^, R EMp- 
^(7)Feffil7^t-^0. 05-0. 5 kg/ton «JpL/«ia* 
frofc cl©jaa©»<^Ti««f40. 026-0. 058 wt%, A 
ligffiteO. 001 -0.003 wt%, CaigffiteO. 0005-0. 001 8w 
t%, RE M««ttO. 0000-0. 0020wt %Xfo-otz. 

[0 0 4 6] ^tC, Z<DmM%27, h^>FX^> r 3SM 
»ittS«l3T»JtL«»X9^*»Jlbfc. ft*. Z.<D 

tt, 25-85wt%Ti 2 0 3 - 5-45wt%Ca0 - 0-18wt%R 
EM^tt- 6-41wt%Al 2 0 3 ©MWMftTfe 
o/io d£O^iI0$l4, $y"r<< yi/^t£Z>TS\zmU/X 
)Vfa\Zkxi3X^%]L%Ltefr^tz 0 m$iffiMk\zm.%kls 
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V \s 



[0 0 4 7] ±fS»felX7^' ; S:^fflffiMLfcO 
"fe. 0.8 miSTJWIIlfflgU aiWftlt5-f >(C 

AL) Sfcf4»lffi»«&o*5'f XCGL) KTHttft** 

«*fr*j:t«i«wwtt*a 3 ft*. ^-aE*a 

fife. *»{t*Ti, tSS«W#tt^W«ttttaiLfc^»i:|nl 

-;i/ft£ro#^Jg^ffi#lttOD^RI«0. 00~0. 02e/1000 

flaEOAlJB«tBli;<n«tta:j^"afc. ft*3> J^^JEffi 
tit. ®§U£>tj£, J§Iiffi$a&o£fflg£ML*:fP?;&<Z>* 

[0 0 4 8] 



as 




<K 






S 


-LA 


G 
IE 


PQ 


cd 
cd 

cd> 


CD 

T— 1 

<=> 

<=> 
c=* 


1 


LO 
CD 
<=> 
CD 

CD 


1 


0.0005 


-o 


LO 

cd 
cd 


t — 

o 
cr> 


r — 
c=> 
o 

CD* 


1 


1 


COO'O 




0.0020 


CO 

c 


CVJ 
CP 

o 

CD 


a 0022 


0.0020 


0.0018 


REM 


i 


1 


1 


1 


0.0020 


J 

1 


T.Ca 


0.0005 


o 


0.0009 


oo 

c=» 

CD* 


0. 0007 




Ti/Al 


c— 


CO 


T— 1 


CO 

crs 


CO 

CO 


CD 




0.026 


0.042 


0.035 


0.058 


0.040 


0.032 




0.003 


0.001 


0.002 


0.003 


0.003 


0.035 


CO 


0.004 


CO 

o 
o 

CD 


O 

cd 


0.008 


«D 

CD 
CD 


uo 

CD 
CD 

CD 




0.010 


c=> 
to 
o 

C3 


0.012 


0.012 


0.013 


0.020 


ae 


CVJ 

»— 1 
cd 


LO 


cv» 

CD 


<_o 

CD 
CD 


CD. 


«— 4 

CD 


CO 


0.120 


0.015 


CD 
CD 


CD 
CD 

CD 


0.015 


0.006 


O 


0.0012 


CO 

— t 
o 

t=a 
CD 


0,0020 


0.0021 


0. 0017 


0.0015 




< 


DQ 


o 


Q 


w 





[0 0 4 9] 
[«2] 



Q - 





yrl±.Wm 
(wt%) 


jfh & m a & (wt%) 


Ti 


X' 


3 'f ^l^CD 

WlOOOo 


{§ 


CaO 


REM 


Ti 

mm 


AI1O3 


S1O2 


NnO 


A 


0. 0050 


7 


0 


85 


6 


2 


0 


0. 020 


1.5 


0 


mam 


B 


0. 0042 


18 


0 


60 


22 


0 


0 


0.037 


5.0 


0 


mm 


C 


0. 0035 


10 


0 


69 


20 


0 


0 


0.030 


1.8 


0 


mm 


D 


0. 0128 


22 


0 


60 


17 


1 


0 


0. 045 


3.0 


0.02 


mm 


E 


0. 0050 


10 


18 


63 


9 


0 


0 


0.035 


2.8 


0 




F 


0,0015 


0 


0 


2 


98 


0 


0 


0.032 


3.1 


0. 45 


mm 



* X= (Ti* /48-N/14-S/3»/(C/12) 



[0 0 5 0] 



[»3] 







& ii fk f* 






Na 


m 








mm 

(C) 


YS 


TS 


ei 


TSXEL 




m * 






SRT 

(r) 


FDT 

<r) 


a 


00 


<HPa) 


(MPa) 


(90 








1 


A 


1150 


900 


GOO 


80 


CAL 


880 


140 


310 


53 


16430 


2.5 


mm 


2 


A 


1150 


900 


600 


80 


CAL 


680 


250 


340 


35 


11900 


LI 


ibttW 


3 


B 


1150 


900 


600 


80 


CAL 


880 


210 


355 


46 


16330 


2.5 


mm 


4 


B 


1150 


900 


600 


45 


CAL 


880 


210 


350 


38 


13300 


1.1 


w&m 


5 


C 


1150 


900 


600 


80 


CAL 


940 


180 


325 


38 


12350 


LI 


w&w 


6 


C 


1150 


900 


600 


80 


CAL 


880 


135 


305 


54 


16470 


2.5 


■«m 


7 


D 


1150- 


980 


600 


80 


CAL 


880 


140 


315 


48 


15120 


L5 


JttftH 


8 


D 


1150 


900 


600 


80 


CAL 


880 


140 


315 


52 


16380 


2.5 




9 


E 


1150 


900 


600 


80 


CGL 


880 


140 . 


310 


53 


16430 


2.4 


mm 


10 


F 


1150 


900 


600 


80 


CAL 


880 


130 


280 


53 


14840 


2.0 


yam 



[0 0 5 1] jt&ffl :G*PHMPi«, 300ton©*«l*RH 
Itt#X8«KTlfc«ffl«U C : 0. 0015wt%, Si : 0. 00 
6 wl%, Mn : 0. 15wt%, P : 0. 020 wt%, S : 0. 005 wt 
XCMtitifeC, »«a*ftl590t:KIIHELfc. 

CO^^tC, A1SI. 2 —1.6 kg/tonSSJOL/KKjaaS 

ff ofc. mfcmm'&<Dmm*mmmm. 035 wt%-c& 

ofc Fe-Ti&JBJDf ^tihfcfc:, Fe-Nb. Fe 

a<7)^OTi««tt0.040 wt%T$>ofco ±ffi}S«H 

rt»M*«c$*n*^ffi*o^w?a:aflttt, 95~98wt 

%A1 2 0 3 , 5wt%J^TOTi 2 0 3 ^6?S:5d7 7^^— ttco 



ffibfcco-B, 0. 8 mm^TftPalffitgL, ££>K\ »^#£&£ 

so^mfiJiToKfttts^aEfto^waa^i /imai© 
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1 



[0 0 5 2] 



[ilffiOffim&SiW] 



[0 1] 



39 



eS 

a 

x 

12 




20 40 60 80 100X20 140 160 ISO 200 S 

9Kbfe (ppm) 



^mm^m^^BjmwrimM Junes 
wajm^stm7k&;iii^ffiiTa 



(72)*J3# A# *W 

Haj**»m*»;n«iiiTs 

A(#%) 4K037 EA02 EA04 EA15 EA16 EA18 
EA19 EA23 EA25 EA27 EA31 
EB02 EB03 EB06 EB08 EB09 
FA01 FA02 FA03 FC02 FC03 
FC04 FE01 FE02 FE03 FJ04 
FJ05 FJ06 HA05 
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